Acyl-CoA:cholestereol acyltransferase 1 (ACAT1) is a two-fold dimer (homotetramer) and has two distinct dimerization domains. One domain is in an alpha-helical rich region near the cytoplasmic N-terminus. The other is proposed to be near the C-terminus where multiple transmembrane domains promote hydrophobic interactions between two ACAT1 subunits. The truncation of the ACAT1 N-terminal dimerization domain, D1-65, creates a dimer which is fully enzymatically active. It is currently not known how the C-terminal dimerization domain contributes to ACAT1 enzymatic activity. Here we describe a simple method that dissociates ACAT1 dimers through the addition of the non-ionic detergents Triton X-100 or octyl glucoside which disrupt the C-terminal dimerization domain. We also document the protocols for a method to exchange Triton X-100 with CHAPS to restore C-terminal dimerization of the ACAT1 protein, and an optimized liposomal assay to assess ACAT enzymatic activity.
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Method details
Background Acyl-CoA:cholestereol acyltransferase 1 (ACAT1) is an endoplasmic reticulum resident membrane protein, where it regulates cellular cholesterol homeostasis. In order to study membrane proteins, detergents are required to solubilize cell membranes. Differences in detergents play a crucial role in the assessment of ACAT activity. When solubilized by the non-ionic detergent Triton X-100, ACAT activity is drastically reduced [1, 2] . The anionic detergent deoxycholate (DOC) provides a modest recovery of ACAT activity [1] . The use of the zwitterionic detergent 3-[(3-Cholamidopropyl) dimethylammonio]-1-propanesulfonate (CHAPS) with phosphatidylcholine, taurocholate, and cholesterol particles provides the greatest recovery of ACAT enzymatic activity [1] . This finding led to the creation of a reliable ACAT enzymatic activity assay, known as the "mixed micelles assay" [1] . This assay was recently modified to include optimized concentrations of KCl and CHAPS to achieve higher ACAT enzymatic activity [3] . Under the latter condition, the CHAPS, phosphatidylcholine, taurocholate, and cholesterol particles were found to exist mainly as liposomes [3] .
ACAT1 is a homotetrameric enzyme which contains two dimerization domains. The N-terminal dimerization domain is not required for proper ACAT1 enzymatic activity [4] , whereas, the role of the C-terminal dimerization domain in enzymatic activity is unknown. The following methods can be used to assess how various detergents affect ACAT1 enzymatic activity and its oligomeric state. 
Reagents

Peroxide
Protocols
Optimized liposomal ACAT activity assay
The liposomal ACAT activity assay is useful for the determination of ACAT enzymatic activity in cell lysates or of purified ACAT1. This assay is designed so that enzyme activity depends on the amount of cholesterol present in the liposome, rather than the amount of cholesterol present in the cell lysates. Adapted from [1, 3] .
1 Place 13 Â 100 mm disposable glass tubes into a tube rack on ice. 6 Add 60 ml of 11.2 mM egg PC, 9.3 mM taurocholate, 1.8 mM cholesterol preformed mixed micelle/ liposome mixture [1, 3] . 7 Briefly vortex tubes to mix contents and place on ice for 5 min. 8 To one tube at a time, add 10 nmoles of [ 3 H]oleoyl-CoA in 30 mg/ml fatty acid-free BSA in 0.25 M TrisÀHCl pH 7.8 [5] and gently vortex to mix. 9 Immediately start the assay by placing the tube into a shaking 37 C water bath for the desired amount of assay time. Normally, between 5-60 min. 10 Halt the assay with 3 ml of 2:1 chloroform:methanol solution in the same order tubes were placed into the 37 C water bath.
11 Add 5 ml of 10 mg/ml cholesteryl oleate in chloroform. (Fig. 1 ).
Small-scale exchange of detergents via Ni-NTA bound-ACAT1
Here we describe a method for the exchange of CHAPS with peroxide-free Triton X-100 and vice versa with Ni-NTA bound-ACAT1. This protocol can be used for the exchange of other detergents and scaled up for larger preparations. Adapted from [3] .
1 Cut the tips of 200 ml pipette tips when working with small volumes of Thermo Fisher Scientific HisPur Ni-NTA resin. 2 All centrifugation steps are carried out at 10,000 Â g.
3 Wash 50 ml of Thermo Fisher Scientific HisPur Ni-NTA resin (100 ml of 50/50 slurry) with 0.5 ml (10 column volumes (CVs)) of dH 2 O in a Corning Costar Spin-X0.22 mm centrifuge tube filter. 19 Resuspend the resin in 25 ml (1 CV) of 1 M KCl, 8.1 mM CHAPS, 50 mM TrisÀHCl pH 7.8 (total volume 50 ml) into a pre-chilled low adhesion microcentrifuge tube. 20 Perform previously described liposomal ACAT activity assay, in duplicate, with 10 ml of the resin slurry per assay tube.
Sucrose density gradient centrifugation of ACAT1 with various detergents
By using sucrose density gradient centrifugation, we can monitor ACAT1 oligomeric state when exposed to various detergents by comparing its fractionation profile to protein standards. Adapted from [3, 6] . 10 Collect 38 fractions at 100 ml/fraction into a VWR 96-well PCR plate, cover plate with a VWR PCR sealing film, and store at À80 C. 11 For ACAT1 gradients, apply 48 ml of each fraction and 12 ml of 5X loading dye (10% SDS, 250 mM DTT, 50% glycerol, 0.25% bromphenol blue, 50 mM TrisÀHCl pH 6.8) to a 10% SDS-PAGE. Transfer to PVDF membrane and visualize ACAT1 with rabbit polyclonal anti-ACAT1 DM102 antibodies or a suitable peptide epitope tag antibody.
12 For protein standard gradients, apply 48 ml of each fraction and 12 ml of 5X loading dye of each fraction to a 10% SDS-PAGE. Visualize with Thermo Fisher Scientific GelCode Blue or a similar Coomassie Blue stain. 13 Follow the previously mentioned liposomal ACAT activity assay protocol to monitor enzyme activity present in each fraction containing ACAT1 (as determined by Western blot).
Detergent exchange of sucrose density gradient fractions
This method is designed to exchange the non-ionic detergents from specific sucrose density gradient centrifugation fractions with CHAPS to determine if ACAT1 homotetramer can be recovered after exposure to non-ionic detergents. Adapted from [3] .
1 Reduce non-specific adsorption of the 10 K Pall Microsep Advance Centrifugal Device by soaking the sample reservoir in 10% glycerol overnight at room temperature. 2 Remove 10% glycerol by centrifugation at 3200 Â g for 10 min. 3 Fill the sample reservoir with dH 2 O and spin at 3200 Â g for 10 min. Repeat once. 4 Pool fractions #10-20 from a 1 M KCl, 50 mM TrisÀHCl pH 7.8, 1.7 mM peroxide-free Triton X-100 or a 20 mM octyl glucoside ACAT1 sucrose density gradient into the conditioned 10 K Pall Microsep Advance Centrifugal Device. Note total volume placed into sample reservoir.
5 Spin at 3200 Â g at 4 C for 10 min. or until volume is $250 ml. 
